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Copy for the Elected Office (EO/US) 

TENT COOPERATION TRE/ 



PCT/FI99/00670 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 


To: 

KOLSTER OY AB 
Iso Roobertinkatu 23 
P.O. Box 148 
FIN-00121 Helsinki 
FINLANDE 


Date of mailing (day/month/year) 
29 March 2001 (29.03.01) 


Applicant's or agent* s file reference 
T298063PC/nu 


IMPORTANT NOTIFICATION 


International application No. 
PCT/FI99/00670 


International filing date (day/month/year) 
12 August 1999 (12.08.99) 



1. The following indications appeared on record concerning: 
| | the applicant | | the inventor 



the agent 



□ 



the common representative 



Name and Address 

PATENTTITOIMISTO TEKNOPOLIS 

KOLSTER OY 

C/O Kolster Oy AB 

Iso Roobertinkatu 23 

P.O. Box 148 

FIN-00121 Helsinki 

Finland 


State of Nationality 


State of Residence 


Telephone No. 
358 9 618 821 


Facsimile No. 

358 9 602 244 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
| | the person X the name the address the nationality the residence 


Name and Address 

KOLSTER OY AB 
Iso Roobertinkatu 23 
P.O. Box 148 
FIN-00121 Helsinki 
Finland 


State of Nationality 


State of Residence 


Telephone No. 
358 9 618 821 


Facsimile No. 

358 9 602 244 


Teleprinter No. 



3. Further observations, if necessary: 



4. A copy of this notification has been sent to: 
[ X| the receiving Office 
| | the International Searching Authority 
| | the International Preliminary Examining Authority 



j | the designated Offices concerned 
|~X] the elected Offices concerned 
| | other: 



The International Bureau of WIPO 


Authorized officer 






34, chemin des Colombettes 


J. Leitao 




121 1 Geneva 20, Switzerland 






Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 




Form PCT/IB/306 (March 1994) 




003932289 



Copy for the elected Office (EO/US) ^ 
PATENT COOPERATION TREATY 



From the INTERNATIONAL BUREAU 



PCT 


To: 




PATENTTITOIMISTO TEKNOPOLIS 




KOLSTER OY 


COMMUNICATION IN CASES FOR WHICH 


C/O Kolster Oy AB 


NO OTHFH FORM APPI TPARI F 


Iso Roobertinkatu 23 




r.O. BOX 14© 




FIN-00121 Helsinki 




PTMT AMHF 
r UN ij/\lN UL 


Date of mailing (day/month/year) 




09 January 2001 (09.01.01) 




Applicant's or agent's file reference 


REPLY DUE 


T298063PC/nu 


see paragraph 1 below 


International application No. 


International filing date {day/month/year) 


PCT/FI99/00670 


12 August 1999(12.08.99) 


Applicant 




NOKIA NETWORKS OY 


1 . I ] REPLY DUE within months/days from the above date of mailing 


1 I NO REPLY DUE, however, see below 




^ IMPORTANT COMMUNICATION 




1 I INFORMATION ONLY 




2. COMMUNICATION: 




The International Bureau regrets to inform the applicant that due to an administrative 


oversight, the international search report in the above application has not been timely published. 


The publication of the ISR is now scheduled to take place in the end of February 2001. 


A copy of this notification has been sent to the receiving Office RO/FI and to the elected 


Offices concerned. 






The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 


Aino Metcalfe 


1211 Geneva 20, Switzerland 




Facsimile No. (41-22)740.14.35 


Telephone No. (41-22) 338,83.38 



Form PCT/IB/345 (July 1992) 



PATENTTI- JA REKISTERIHALLITUS 



VALIPAATOS 

4: 

09.07.99 



Patenttitsto Teknopolis Kolster Oy 
Teknologiantie 4 
90570 Oulu 



RECEIVED 

12 -07-1999 

Kolster OyAb 



Patenttihakemus nro : 
Luokka : 
Haki ja : 
Asiamies : 
Asiamiehen viite: 



981757 

H 04L / HO 

Nokia Telecommunications Oy 
Patenttitsto Teknopolis Kolster Oy 
T298063FI 



Maarapaiva 09.01.2 000 

Patenttihakemuksen numero ja luokka on mainittava kir j elmassanne PRHrlle 



Julkaisusta EP-A- 0 7 94680 , H04Q- 0 7/22, ALCATEL ALSTHOM, tunnetaan menetelma paket- 
tikytkentaisen datan siirtoon radio jar jestelmassa, jossa lahettimen ja vastaanot- 
timen valinen yhteys kasittaa useita loogisia kanavia, joilla kullakin siirretaan 
erityyppista dataa . Lahetyksessa. ja vastaanotossa ka.yteta.an eri datatyypeilla eri- 
laista vi r heensuo j ausmene t e lmaa . Nama eri loogiset kanavat voidaan siirtaa saman 
fyysisen kanavan kautta (palsta 7, rivit 13-54). 

Tekniikan tasona - viitataan lisaksi julkaisuun WO-A-9916264 ; H04Q-007/22, LM 
ERICSSON, julk. 01.04.1999, joka kuvaa pakettikytkentaisen datan siirtoa radiojar- 
jestelmassa useiden ldogisteri kanavien kautta, joilla loogisilla kanavilla on 
erilaiset laatuvaatimukset tiedonsiirron suhteen, esim. bittivirhesuhteella ja 
viiveella mitattuna. 

Hakemuksen ei siten voida katsoa riittavan selvasti eroavan mainitussa EP-julkai- 
sussa kuvatista tekniikasta^ eika hakemus ole hyvaksyttavissa nykyisessa muodossaan 
ja laa juudessaan . 



Tutki j ainsinoori 
Puhelin: (09) 69395246 



Heikki Oksanen 



Liiteet: kopiot viite julkaisuista ja tutkimusraportista 



Lausumanne huomautusten johdosta on annettava viimeistaan yllamainittuna maarapaivana . Jollette ole an- 
tanut lausumaanne virastoon viimeistaan mainittuna maarapaivana tai ryhtynyt toimenpiteisiin tassa vali- 
paatoksessa esitettyjen puutteellisuuksien kor j aamiseksi , jatetaan hakemus sillensa (patenttilain 15 §). 
Sillensa jatetty hakemus otetaan uudelleen kasiteltavaksi , jos Te neljan kuukauden kuluessa maarapaivas- 
ta annatte lausumanne tai ryhdytte toimenpiteisiin esitettyjen puutteellisuuksien kor jaamiseksi ja sa- 
massa ajassa suoritatte vahvistetun maksun, 320 mk hakemuksen ottamisesta uudelleen kasiteltavaksi. Jos 
lausumanne on annettu virastoon oikeassa ajassa, mutta esitettyja puutteellisuuksia ei ole siten korjat- 
tu, etta hakemus voitaisiin hyvaksya, se hylataan, mikali virastolla ei ole aihetta antaa Teille uutta 
valipaatosta (patenttilain 16 §) . Uusi keksinnon selitys, siihen tehdyt lisaykset ja uudet patenttivaa- 
timukset on aina jatettava kahtena kappaleena ja talloin on otettava huomioon patenttiasetuksen 19 §. 



Postiosoite: Pi 1160 Katuosoite : Arkadiankatu 6 A Puhelin: (09) 6939500 Pankki : Leonia 

00101 Helsinki 00100 Helsinki Telefax: (09) 69395328 800015-47908 



PATEPJTTI- JA REKISTHjffiLALLITUS 

Patentti- ja innovaatiolinja 



TKIMUSRAPORTTI 



PATENTTIHAKEMUS 


LUOKITUS 


NRO 




981757 


H04L 001/18 



TUTKITTU AINEISTO 

Patenttijulkaisukokoelma (FI, SE, NO, DK, DE, CH, EP, WO, GB, US), tutkitut luokat 

H04L 



Tiedonhaut ja muu aineisto 

EPODOC 



VIITEJULKAISUT 


Kategoria** 


Julkaisun tunnistetiedot 


Koskee 
vaatimuksia 


X 


EP-A-0794680, H04Q-007/22, ALCATEL ALSTHOM COMPAGNIE 
GENERALE D'ELECTRICITE, p 7, r 13-54 


1,2, 13 


A 


WO-A-99/ 16264, H04Q-007/22, TELEFONAKTIEBOLAGET LM ERICS- 
SON, julk. 01.04.1999 


1, 13 


*) X Patentoitavuuden kannalta merkittava julkaisu yksinaan tarkasteltuna 

Y Patentoitavuuden kannalta merkittava julkaisu, kun otetaan huomioon tama 

ja yksi tai useampi samaan kategoriaan kuuluva julkaisu 
A Yleista tekniikan tasoa edustava julkaisu, ei kuitenkaan patentoitavuuden este 


Paivays 

08.07.1999 


Tutkija ^fa^l^&Tfc e , 

Heikki Oksanen 




PATENT COOPERATION TREATY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
T298063PC/nu 


T?rvo itt tt>ttt"i?o a r-TTrw See Notification of Transmittal of International 
* OR * UK1U ^ K HJIN p reliminary Examination Report (Form PCT/IPEA/4-16) 


International application No. 
PCT/FI99/00670 


International filing date (day/month/year) 
12.08.1999 


Priority date (day/month/year) 
14.08.1998 



International Patent Classification (IPC) or national classification and IPC7 
H 04 Q 7/22 



Applicant 

Nokia Networks OY* et al 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



sheets, including this cover sheet. 



I I This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
— been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70. 16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. 



This report contains indications relating to the following items: 
I £^ Basis of the report 
LI Q Priority 

UJ Q Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
IV Q Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 



V 
VI 



citations and explanations supporting such statement 
Certain documents cited 



VII J^J Certain defects in the international application 
VLT Certain observations on the international application 



Date of submission of the demand 
08.03.2000 


Date of completion of this report 
10.11.2000 


Name and mailing address of the IPEA/SE 

Patent- och registreringsverket Telex 
Box 5055 17978 
S-102 4 2 STOCKHOLM PATOREG-S 

Facsimile No. 0.8-667 72 88 


Authorized officer 

Jaana Raivio/mj 
Telephone No. 08-782 25 00 



Form PCT/IPEA/409 (cover sheet) (January 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/FI99/00670 



I. Basis of the report 



1. With regard to the elements of the international application:* 
(^| the international application as originally filed 

1 | the description: 

pages ' . 

pages 

pages 



, as originally filed 
, filed with the demand 



t filed with the letter of 



1 1 the claims: 

pages 

pages 

pages 

pages 



, as originally filed 

, as amended (together with any statement) under article 19 

, filed with the demand 



, filed with the letter of 



| 1 the drawings: 

pages 

pages 

pages 



, as originally filed 



, filed with the demand 



, filed with the letter of 



| | the sequence listing part of the description: 
pages 

pages 

pages 



, as originally filed 
, filed with the demand 



/filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

[ | the language of a translation furnished for the purposes of international search (under Rule 23. 1 (b)). 
| ] the language of publication of the international application (under Rule 48.3(b)). 

| I the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
1 1 or 55.3V 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

| [ contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

[ | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

! I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
' — ' international aDDlication as filed has been furnished. . . 

□ The statement that the inlbrmation recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

4. | 1 The amendments have resulted in the cancellation of: 

| | the description, pages 

| | the claims, Nos. _ 

| 1 the drawings, sheet/fig _ 

□ This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are annexed to this report since they do not contain amendments (Rules 70. 1 6 
and 70. 17). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 



Form PCT/TPEA/409 (Box I) (January 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



cemational application No. 
PCT/FI99/00670 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Statement 



Novelty (N) Claims 1-17 YES 

Claims __ NO 

Inventive step (IS) Claims 2-12 . 14-17 „ YES 

Claims 1,13 NO 

Industrial applicability (IA) Claims 1-17 YES 

Claims NO 



2. Citations and explanations (Rule 70.7) 

The claimed invention relates to a method for using different 
error protection methods in ..a -packet switched network, 
depending on the data to be transmitted. A stronger channel 
coding ' can be used for delay-critical information, whereas 
data transmissions can use another channel coding. 

.. Document cited in the International Search Report: 
Dl: EP 794 680 

D2: IEEE Transactions on Industrial Electronics, vol. 45, 

no.l, M C Yuang et al, "QTS: A QOS- Guaranteed Transport 

System for Broad-Band Multimedia Communications" 

D3: IEEE International Symposium on Personal, Indoor and 

Mobile Radio communication, vol ."3, 1996, Chiani et al "Hybrid 

ARQ/FEC Techniques for wireless ATM Local Area Networks" 

D4 : IEEE Conference on Communication Technology, vol. 2, Lee 

Ha Cheol et al, "Performance Improvement -of ATM Data 

transmission over Wireless Links" 

Dl relates to a method for operating a broadband link for 
exchanging data between a mobile terminal and a network side 
facility. Two or more radio channels (RC1-RCN) are established 
to the mobile station' via a radio interface, the radio 
channels being assigned as sub-channels -(Cl-CN) to the 
broadband link. Two or more different packet types (FRDAT1, 
FRDAT2) are defined and entities (ENMT; ENNET) recognise the 
different packet types and process them as different logical 
channels in different ways (see claim 1) . Three types of data 
packets are mentioned, control packets and two types of useful 
data packets, type A and type B. It is mentioned that 
different error protection can be performed for these types of 
packets. 

. • . / ... 



Form PCT/IPEA/409 (Box V) (January 1998) 





:emational application No. 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



PCT/FI99/00670 



Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: V . 



Type A packets have- one error protection (see column 6 line 
23-40) , and type B packets _ have no error protection .(see 
column 6 line 41-49) . Thus, different error protection is used 
for different kinds of packets. Dl differs from the invention 
as claimed, in claims 1 and 13 in that -it fails to specify the 
type A and type B data packets. In the invention as claimed in 
claims 1 and 13 the packets are specified to be data and 
error-critical information respectively. However, it is 
considered obvious to a person skilled in the art to apply the 
method of using different kinds of error protection as 
described in Dl to different types of packets. The invention 
as claimed in claims 1 and 13 is, with reference to Dl, novel 
but not considered to involve an inventive step. The invention 
as claimed in claims 2-12 and 13-17 is, with reference to Dl, 
novel and considered to involve an inventive step. 

D2 relates to a broadband multimedia communication system. A 
quality of service guaranteed transport system, offering 
various QoSs at the transport layer, is described. 

D3 relates to error control strategies in wireless multimedia 
networks. 

D4 relates to error control methods for ATM over wireless 
links . 

Documents D2-D4 are considered to constitute the state of the 
art. The invention as claimed in claims 1-17 is, with 
reference to D2-D4, novel and considered to involve an 
inventive step. The invention as claimed in claims 1-17 is 
considered to have industrial applicability. 



Form PCT/IPEA/409 (Supplemental Box) (January 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



ternational application No. 
PCT/FI99/00670 



VI. Certain documents cited 



Certain published documents (Rule 70.10) 



Application No. 
Patent No. 



Publication date 
(day/month/year) 



Filing date 
(day/ month/year) 



Priority date (valid claim) 
(day/ month/year) 



E, A 



WO 9943172 



26.08.1999 



08.02.1999 



2. Non-written disclosures (Rule 70.9) 

Date of written disclosure 

Kind of non- written disclosure Date of non-written disclosure _ referring to non-written disclosure 

(day/ month/year) (day/month/year) 



Form PCT/IPEA/409 (Box VI) (January 1998) 



From the INTERNATIONAL SE 



To: 



PATENT COOPERATION TREATY^ 

^[^llNG AUTHORITY 

<^.J y ~ PCT ^ 



■n 



Patenttiotomisto teknopolis 

Kolster OY 

c/o Kolster Oy Ab 

Iso Roobertinkatu 23, P.O Box 148 

FIN-00121 HELSINKI 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 



Date of mailing 
( day! month /year ) 



0 9 -02- 2000 



Applicant's or agent's file reference 

T298063PC/nu 



FOR FURTHER ACTION See paragraphs 1 and 4 below 



International application No. 

PCT/FI99/00670 



International filing date 
( day I month /year ) 

12-08-1999 



Applicant 

Nokia Networks OY 
et al 



The applicant is hereby notified that the international search report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 
When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
international search report: however, for more details, see the notes on the accompanying sheet. 

Where? To the International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 
Facsimile No.: (41-22) 740.14.35 

For more detailed instructions, see notes on the accompanying sheet. 

2 I I The applicant is hereby notified that no international search report will be established and that the declaration 
* I 1 under Article 17(2)(a) to that effect is transmitted herewith. 

3. | | With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 

no decision has been made yet on the protest: the applicant will be notified as soon as a decision is made. 



□ 
□ 



4. Further action(s): The applicant is reminded of the following: 

Shortly after 18 months from the priority date, the international application will be published by the International Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or 
of the priority claim, must reach the International Bureau as provided in Rules 90bis.l and 90bis3 y respectively, 
before the completion of the technical preparations for international publication. 

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the app- 
licant wishes to postpone the entry into the national phase until 50 months from the priority date (in some (Jfhces 
even later). 

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase 
before all -designated Offices which have not been elected within 19 months from the priority date or could not be 
elected because they are not bound by Chapter II. 





Name and mailing address of the ISA/ 
Patent- och registreringsverket Telex 
Box 5055 1 7978 
S-102 42 STOCKHOLM PATOREG-S 
Facsimile No. 08-667 72 88 


Authorized officer 

naiol F» lk 

Telephone No. 08-782 25 00 



Form PCT/ IS A/220 (January 1994) 



(See notes on accompanying sheet) 




TENT COOPERATION TRE 

PCT 



INTKRNA TIONAL SKARCII RKPORT 

(I 5 CT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 

T298063PC/nu 


FOR FURTHER sec Notification of Transmittal of Internationa] Search Report 
ACTION (Form PCTl'/lS A/220) as well as, where applicable, item 5 below. 


International application No. 

PCT/FI 99/00670 


International filing dale ( day J month/ year) 

12 August 1999 


(Hailiest) Priority Date ( day j 'monthly ear) 

14 August 1998 


Applicant 

Nokia Networks 0Y et al 



This international search report has been prepared by this International Searching Authority and is transmitted to the 
applicant according to Article 18. A copy is being transmitted to the International Bureau. 



This international search report consists of a total of 



sheets. 



| x | It is also accompanied by a copy of each prior art. document cited in this report. 



1. | | Certain claims were found unsearchable (Sec Box I). 

2. | j Unity of invention is lacking (See Box II). 

3. J [ The international application contains disclosure of a nucleotide and/nr amino acid sequence listing and the 

international search was carried out on the basis of the sequence listing 



□ 
□ 



□ 



filed with the international application. 

furnished by the applicant separately from the international application. 



□ 

transcribed by this Authority 



but not accompanied by a statement to the effect that it did not include 
matter going beyond the disclosure in the international application as filed. 



4. With regard to the title, [x] thc teAt is approved as submitted by' the applicant. 

| | the text has been established by this Authority to read as follows: 



5. With regard to the ahstract, 

j j£ | me tcxt ' s approved as submitted by the applicant. 

I I the text lias been established, according to Rule 3X.2(b). by this Authority as it appears 
in Box III. The applicant may, within one month from the date of mailing of Ihis inter- 
national search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is: 

Figure No. 4a | | as suggested by the applicant. Q None of the figures. 

| | because thc applicant failed to suggest a figure. 
|X | because this figure better characterizes the invention. 



Form PCr/ISA/210 (first sheet) (July 1992) 



INTERNATIONAL SlvAKCH RKPOR'I 



International application No. 

PCT/FI 99/00670 



A. CLASSIFICATION OF SUBJECT' MATTER 



IPC7: H04Q 7/22 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: H04Q 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RE I, EVA NT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No, 



e,a 



EP 0794680 A2 (ALCATEL ALSTHOM COMPAGNIE GENERALE 

D'ELECTRICITE), 10 Sept 1997 (10.09.97), column 5, 
line 35 - column 7, line 29 



WO 9943172 Al (NOKIA TELECOMMUNICATIONS OY) , 
26 August 1999 (26.08.99), page 4, 
line 19 - line 35, claims 1,6, abstract 



IEEE Transactions on Industrial Electronics, 

Volume 45, No 1, February 1998, Maria C. Yuang et 
al, "QTS: A QOS-Guaranteed Transport System for 
Broad-Band Multimedia Communications" page 69, 
column 2, line 25 - line 47 



1,13 



1,13 



1,13 



X Further documents are listed in the continuation of Box C, | )(| See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 
"E" erlier document but published on or after the international filing date 

"L" document which may throw douhls on priority claim(s) or which is 
cited to establish the publication dale of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international tiling date hut later than 
the priority date claimed 



"T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot he considered to involve an inventive 
.step when the document is taken alone 

"Y" document of particular relevance: the claimed invention cannot he 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

"&" document member of the same patent family 



Date of the actual completion of the international search 



7 February 2000 



Date of mailing of the international search report 



0 9 -02- 2QQQ 



Name and mailing address of the ISA; 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Authorized officer 



Jaana Raivio/cs 

Telephone No. +46 K 7K2 25 00 



Form PCT/1SA/2U) (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 99/00670 
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Pakettikytkentainen tiedonsiirto radiojarjestelmassa 

Keksinnon ala 

Keksinnon kohteena on radiojarjestelma ja menetelma pakettikyt- 
kentaisen datan siirtoon radiojarjestelmassa lahettimen ja vastaanottimen valil- 
5 la. Keksinto kohdistuu erityisesti jarjestelmaan ja menetelmaan, jossa lahetti- 
men ja vastaanottimen valinen yhteys kasittaa ainakin kaksi loogista kanavaa, 
ja yhta loogista kanavaa kaytetaan viivekriittisen informaation siirtoon. 

Keksinnon tausta 

Piirikytkenta on menetelma, jossa kayttajien valille luodaan yhteys 

10 antamalla yhteyden kayttoon ennalta maaratty maara siirtokapasiteettia. Siirto- 
kapasiteetti on eksklusiivisesti kyseisen yhteyden kaytossa koko yhteyden 
ajan. Tunnetut matkapuhelinjarjestelmat, esimerkiksi GSM-pohjaiset GSM 
900/DCS 1800/PCS 1900-jarjestelmat ja USA:n CDMA-tekniikkaa kayttava IS- 
95 radiojarjestelma ovat piirikytkentaisia. 

15 Pakettikytkenta puolestaan on menetelma, jossa kayttajien valille 

luodaan yhteys siirtamalla dataa paketteina, jotka sisaltavat varsinaisen tiedon 
lisaksi osoite- ja kontrollitietoa. Useat yhteydet voivat kayttaa samanaikaisesti 
samaa siirtoyhteytta. Pakettikytkentaisten radiojarjestelmien kaytto etenkin da- 
tan siirtoon on ollut viime vuosina tutkimuksen kohteena, koska pakettikytken- 

20 tamenetelma sopii hyvin esimerkiksi interaktiivisten tietokoneohjelmien kayton 
tarvitsemaan tiedonsiirtoon, jossa siirrettavaa dataa syntyy purskauksittain. 
Talloin datasiirtoyhteytta ei tarvitse varata koko ajaksi, ainoastaan pakettien 
siirtoon. Talla saavutetaan merkittavia kustannus- ja kapasiteettisaastoja seka 
verkon rakennus- etta kayttovaiheessa. 

25 Pakettiradioverkot ovat nykyaan erityisen kiinnostuksen kohteina ra- 

diojarjestelmien jatkokehityksessa. GSM-jarjestelman yhteydessa puhutaan 
talloin GPRS:sta (General Packet Radio Service). Etenkin kolmannen sukupol- 
ven matkapuhelinjarjestelmiin, esimerkiksi UMTS:iin (Universal Mobile Tele- 
phone System), suunnitellaan pakettisiirron mahdollistavia ratkaisuja. 

30 Tietoliikenteessa, myos pakettiyhteyksilla, sovelletaan yleisesti vir- 

heenkorjausmenetelmia siirtoyhteyksilla syntyvien virheiden valttamiseksi ja 
korjaamiseksi. Naita menetelmia on periaatteessa kahta eri tyyppia: Forward 
Error Correction (FEC) seka Automatic Repeat Request (ARQ). Naiden kah- 
den yhdistelmaa kutsutaan hybridi ARQ:ksi. GPRS:ssa kaytetaan seuraavaksi 
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esitettavaa ARQ-protokollaa, joko perusmuodossaan tai kehittyneemmissa 
muodoissa. 

ARQ-protokollalla (Automatic Repeat Request) tarkoitetaan menet- 
telya, jossa siirrettavan informaation uudelleenlahetyksella pystytaan paranta- 
5 maan siirrettavan datan luotettavuutta. Protokollan mukaisesti vastaanottaja 
lahettaa siirretyn datan uudelleenlahetyspyynnon lahettajalle, jos vastaanotta- 
jan mielesta vastaanotettu data on epaluotettavaa. Datan epaluotettavuus ha- 
vaitaan esimerkiksi tarkistamalla vastaanotetusta paketista tarkistussumma. 
Protokollaa on tahan asti kaytetty lahinna kiinteissa verkoissa. Suuri ongelma 

10 radioverkkojen yhteydessa on se, etta radioyhteyksissa siirtoon kaytettavat ka- 
navat ovat luonteeltaan haipyvia. Haipymisella (Rayleigh Fading) tarkoitetaan 
sita, etta monitie-edenneet signaalikomponentit saapuvat vastaanottimelle 
vastakkaisvaiheisina ja siten osittain kumoavat toisensa. Talloin vastaanotetun 
signaalin teho ja samalla laatu laskevat merkittavasti. Lisaksi vastaanottoa vai- 

15 keuttavat normaalin taustakohinan lisaksi radioyhteydelle interferenssia aihe- 
uttavat samalla kanavalla olevat radioyhteydet ja viereiskanavalla olevat radio- 
yhteydet. Interferenssin ja haipymisen vaikutus voi olla ajoittain niin paha, etta 
radiokanava haipyy, eli sen laatu muuttuu niin huonoksi, ettei kanavassa siir- 
rettya tietoa pystyta tunnistamaan. Toisaalta ajoittain haipyva kanava voi ajoit- 

20 tain myos olla erittain hyvalaatuinen. 

Kehittyneempi muoto ARQ-perusprotokollasta on hybridi-ARQ, jos- 
sa kaytetaan ARQ:n ja FEC:n yhdistelmaa (Forward Error Correction). FEC:lla 
tarkoitetaan sita, etta siirrettava informaatio koodataan virheita korjaavalla 
koodauksella. Hybridi-ARQ:sta kehitetyn, parannellun, tyyppi II hybridi-ARQ - 

25 protokollan mukaisesti epaonnistunut lahetys yhdistetaan uudelleeniahetyksen 
kanssa vastaanottimessa. Tama yhdistely voidaan tehda esimerkiksi lahetta- 
malla samalla tavalla koodattu data uudelleen ja yhdistelemalla pehmeat paa- 
tokset vastaanottamassa. Uudelleenlahetyksessa voidaan kayttaa lisakooda- 
usta sen sijaan, etta lahetettaisiin sama data. 

30 Taman menetelman etuna on se, etta uudelleenlahetysten maaraa 

voidaan pienentaa, jolloin siirtokapasiteetti kasvaa merkittavasti. Menetelman 
haittapuolena on kuitenkin se, etta se toimii parhaiten silloin, kun siirtovirheita 
esiintyy sangen runsaasti, eli kun virhesuhde (FER) on luokkaa 20 %. Talloin 
kuitenkin siirtoyksikoiden kuittausviestit (ACK/NACK) ovat myos alttiita virheil- 

35 le, mika huonontaa jarjestelman toimivuutta. Jos esimerkiksi joka IShetyksessa 
siirtovirhe on 10 %, niin ensimmaisen lahetyksen jalkeen virheita on 10%, toi- 
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sen jalkeen 1%, kolmannen lahetyksen jalkeen 0.1% jne. Lahetysten yhdistely 
pienentaa virheiden maaraa, mutta vasta toisen lahetyksen jalkeen. Jotta yh- 
distelysta olisi hyotya, tulisi toimintapisteen eli jokaisen lahetyksen virhesuh- 
teen olla suurempi, esimerkiksi 20%. Talloin kuitenkin viivekriittinen informaa- 
5 tio, joka ei kesta yhdistelyn aikaansaamaa viivetta, karsii. 

Keksinnon lyhyt selostus 

Keksinnon tavoitteena on siten toteuttaa menetelma ja menetelman 
toteuttava laitteisto siten, etta ylla mainitut ongelmat saadaan ratkaistua. Tama 
saavutetaan menetelmalla pakettikytkentaisen datan siirtoon radiojarjestel- 

10 massa lahettimen ja vastaanottimen valilla, jossa menetelmassa lahettimen ja 
vastaanottimen valinen yhteys kasittaa ainakin kaksi loogista kanavaa, ja etta 
yhta loogista kanavaa kaytetaan viivekriittisen informaation siirtoon, ja etta la- 
hettimen ja vastaanottimen valilla siirrettava informaatio sijoitetaan annettuihin 
siirtoyksikoihin ja etta siirtoyksikoiden siirrossa kaytetaan virheensuojausme- 

15 netelmaa. Menetelman mukaisesti datan ja viivekriittisen informaation siirrossa 
kaytetaan erilaista virheensuojausmenetelmaa. 

Keksinnon kohteena on myos radiojarjestelma, joka kasittaa lahetti- 
men ja vastaanottimen, jotka on sovitettu pakettikytkentaisen datan siirtoon, ja 
jossa lahettimen ja vastaanottimen valinen yhteys kasittaa ainakin kaksi loo- 

20 gista kanavaa, ja jossa lahetin ja vastaanotin on sovitettu kayttamaan yhta loo- 
gista kanavaa viivekriittisen informaation siirtoon, ja etta lahetin ja vastaanotin 
on sovitettu siirtamaan informaatio annettuihin siirtoyksikoihin sijoitettuina ja 
kayttamaan siirtoyksikoiden siirrossa virheensuojausmenetelmaa. Keksinnon 
mukaisessa jarjestelmassa lahetin ja vastaanotin on sovitettu kayttamaan da- 

25 tan ja viivekriittisen informaation siirrossa erilaista virheensuojausmenetelmaa. 

Keksinnon edulliset suoritusmuodot ovat epaitsenaisten patentti- 
vaatimusten kohteena. 

Keksinto perustuu siihen, etta yhdistelya hyodyntavaa hybrid! ARQ- 
menetelmaa kaytetaan siten, etta data ja viivekriittinen informaatio on erikseen 

30 multipleksattuna. 

Keksinnon mukaisella menetelmalla ja jarjestelmalla saavutetaan 
useita etuja. Menetelman avulla datan virhesuhde voi olla mika tahansa ja vii- 
vekriittinen informaatio, kuten siirtoyksikoiden kuittausviestit (ACK/MACK) voi- 
daan silti lahettaa hyvalaatuisina esimerkiksi kayttaen voimakasta virheita kor- 

35 jaavaa koodia. Datan virheenkorjausmenetelmana voidaan kayttaa ARQ-poh- 
jaista menetelmaa, jossa siirtoyksikko ja sen mahdolliset uudelleenlahetykset 
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yhdistellaan ennen siirtoyksikon dekoodausta. Keksinnon avulla voidaan kor- 
keaa ja nopeaa siirronlaatua vaativia palveluja kuten puhetta ja pakettidataa 
lahettaa samanaikaisesti multipleksattuina. 

Kuvioiden lyhyt selostus 

5 Keksintoa selostetaan nyt lahemmin edullisten suoritusmuotojen yh- 

teydessa, viitaten oheisiin piirroksiin, joissa 

kuvio 1 esittaa esimerkkia radiojarjestelmasta, jossa keksintoa voi- 
daan soveltaa, 

kuvio 2 havainnollistaa keksinnon mukaisen lahettimen rakennetta, 
10 kuvio 3 havainnollistaa keksinnon mukaisen vastaanottimen raken- 

netta ja 

kuviot 4a ja 4b esittaa vuokaavioita, jotka havainnollistavat esimerk- 
kia keksinnon mukaisen menetelman suorituksesta datainformaatiolle. 

Keksinnon yksityiskohtainen selostus 

15 Esilla olevaa keksintoa voidaan soveltaa sellaisissa radiojarjestel- 

missa, joissa kaytetaan pakettikytkentaisia yhteyksia. Edullisesti keksintoa voi- 
daan soveltaa laajakaistaisissa CDMA-pohjaisissa solukkoradiojarjestelmissa, 
kuten WCDMA ja CDMA2000, mutta sinansa jarjestelmassa kaytetylla moni- 
kayttomenetelmalla ei ole keksinnon kannalta oleellista merkitysta. 

20 Termilla siirtoyksikko tarkoitetaan kaksisuuntaisessa radioyhteydes- 

sa kaytettavaa siirtoyksikkoa, joka on ISO:n seitsemankerroksisen OSI-mallin 
ensimmaisen eli fyysisen kerroksen protokollatietoyksikko (Layer 1 Protocol 
Data Unit). Esimerkiksi TDMA-jarjestelmassa siirtoyksikko voi muodostua yh- 
desta tai useammasta TDMA-aikavalista (Slot). CDMA-jarjestelmassa siirtoyk- 

25 sikko voi olla rajattu aikajakso yhdella tai useammalla hajotuskoodilla. FDMA- 
jarjestelmassa siirtoyksikko voi olla rajattu aikajakso yhdella tai useammalla 
taajuudella. Useita erilaisia monikayttomenetelmia kayttavissa hybrid i-jarjestel- 
missa siirtoyksikko voi olla mika tahansa edella esitettyjen esimerkkien yhdis- 
telma. Yleisesti voidaan sanoa, etta siirtoyksikko on mika tahansa osoitettavis- 

30 sa oleva resurssi siirtotiella eli radioyhteydessa. 

Keksinnon mukaista menetelmaa kaytetaan pakettikytkentaisen da- 
tan siirtoon radiojarjestelmassa lahettaja-vastaanottaja -parin valilla kayttaen 
ARQ-protokollaa. Kuviossa 1 havainnollistetaan esimerkinomaisesti erasta ra- 
diojarjestelmaa, jossa keksintoa voidaan soveltaa. Radiojarjestelma kasittaa 

35 verkko-osan 110 ja joukon tilaajapaatelaitteita 112, 114. Verkko-osalla tarkoi- 
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tetaan tassa verkon kiinteaa osaa, esimerkiksi tukiasemaa 116, tukiasemaoh- 
jainta 118, matkapuhelinkeskusta 120, tai mainittujen osien erilaisia yhdistel- 
mia. Tilaajapaatelaite on esimerkiksi matkapuhelin, autoon sijoitettu puhelin, 
tai WLL-paatelaite (Wireless Local Loop). Lahettaja-vastaanottaja parin muo- 
5 dosfavat verkko-osa ja tilaajapaatelaite. Verkko-osa voi toimia seka lahettaja- 
na etta vastaanottajana, samoin tilaajapaatelaite voi olla kummassa tahansa 
roolissa. Verkko-osan ja tilaajapaatelaitteen valilla on kaksisuuntainen radioyh- 
teys 122, 124. Kaksisuuntaisessa radioyhteydessa datasiirtoon kaytetaan siir- 
toyksikoita. 

10 Tarkastellaan aluksi keksinnon mukaisen lahettimen rakennetta 

keksinnon kannalta oleellisilta osilta kuviossa 2 esitetyn lohkokaavion avulla. 
Kuvio 2 sisaltaa vain keksinnon selittamisen kannalta oleelliset lohkot, mutta 
alan ammattimiehelle on selvaa, etta tavanomaiseen lahettimeen sisaltyy 
myos monia muita toimintoja ja rakenteita, joiden tarkempi selittaminen ei tas- 

15 sa ole tarpeen. Kaytannossa lahetin voi olla esimerkiksi GPRS-jarjestelmassa 
normaali lahetin, johon on tehty keksinnon vaatimat modifikaatiot. 

Kuvion 2 tilanteessa lahettimessa on kaytossa kaksi palvelua eli 
loogista kanavaa. Ensimmaisessa kanavassa 200 siirretaan dataa ja toisessa 
kanavassa 202 viivekriittista informaatiota. Viivekriittinen informaatio voi olla 

20 mita tahansa datansiirtoa, joka ei salli suuria viiveita, kuten uudelleenlahetyk- 
sia, siirtotiella. Tallaisia yhteyksia ovat esimerkiksi tehonsaatoviestit, siirtono- 
peusinformaatio liittyen datakanavaan, pakettien kuittausviesteja (ACK/NACK) 
tai esimerkiksi puheinformaatiota. Datainformaatio 200, joka koostuu siirtoyksi- 
koista, viedaan ensin ensimmaiselle kanavakooderille 204, jonka jalkeen siirto- 

25 yksikko talletetaan muistiin 206 mahdollista uudelleenlahetysta varten. Taman 
jalkeen data viedaan ensimmaiselle siirtonopeuden sovittimelle 208, jossa ta- 
sataan datan siirtonopeus halutuksi. 

Viivekriittinen informaatio 202 viedaan toiselle kanavakooderille 
212, josta koodattu signaali viedaan toiselle siirtonopeuden sovittimelle 214, 

30 jossa tasataan siirtonopeus halutuksi. 

Ensimmaiselta ja toiselta siirtonopeuden sovittimelta 208, 214 siirto- 
yksikot viedaan multiplekserille 210, jossa yksikot multipleksataan keskenaan 
siirtoa varten. Multiplekserilta yhdistetty signaali viedaan kolmannelle siirtono- 
peuden sovittimelle 216 jossa tarpeen vaatiessa suoritetaan yhteinen siirtono- 

35 peuden muunnos. Lopuksi lahetettava signaali viedaan lomittelijalle 218, jossa 
suoritetaan lomitus siirronlaadun parantamiseksi. Lomittelijalta signaali vie- 
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daSm edelleen lahettimen radiotaajuusosille (ei naytetty) siirtokanavaan lahe- 
tysta varten. 

Muisti 206 voi sijaita myos ennen ensimmaista kanavakooderia 204 
tai myos ensimmaisen siirtonopeuden sovittimen 208 jalkeen, mutta kuitenkin 
5 ennen multiplekseriS. 

Tarkastellaan seuraavaksi keksinnon mukaisen vastaanottimen ra- 
kennetta keksinnon kannalta oleellisilta osilta kuviossa 3 esitetyn lohkokaavion 
avulla. Kuvio 3 sisaltaa vain keksinnon selittamisen kannalta oleelliset lohkot, 
mutta alan ammattimiehelle on selvaa, etta tavanomaiseen vastaanottimeen 
10 sisaltyy myos monia muita toimintoja ja rakenteita, joiden tarkempi selittami- 
nen ei tassa ole tarpeen. KaytannSssa vastaanotin voi olla esimerkiksi GPRS- 
jarjestelmassa normaali vastaanotin, johon on tehty keksinnon vaatimat modifi- 
kaatiot 

Vastaanottimessa signaali vastaanotetaan antennilla 300, josta sig- 

15 naaii viedaan radiotaajuusosille 302. Radiotaajuusosissa signaali muunnetaan 
vali- tai kantataajuudelle ja viedaan demodulaattorille 306, jossa demoduloitu 
signaali viedaan lomituksen purkajalle 308. Mainitut komponentit voidaan to- 
teuttaa alan ammattimiehelle tunnetuilla tavoilla. 

Lomituksesta purettu signaali viedaan ensimmaiselle siirtonopeu- 

20 den sovittimelle 310, ja demultiplekserille 312. Demultiplekserissa signaali jae- 
taan kahteen lahetyksessa kaytettyyn kanavaan joista ensimmaisessa 314 
siirrettiin dataa ja toisessa 316 viivekriittista informaatiota, kuten ohjausinfor- 
maatiota tai puhetta. 

Datainformaatio viedaan toiselle siirtonopeuden sovittimelle 318, 

25 josta se viedaan yhdistelijalle 320. Yhdistelijassa siirtoyksikkoon yhdistetaan 
mahdollisesti aiemmin lahetetty siirtoyksikko, joka on tallennettu vastaanoton 
yhteydessa muistiin 322. Yhdistetty siirtoyksikko tallennetaan uudestaan muis- 
tiin mahdollista uudelleen lahetysta varten. Siirtoyksikko viedaan ensimmaisel- 
le kanavadekooderille 324, jossa suoritetaan myos virheentarkistus. Mikali vir- 

30 heentarkistus osoittaa, etta siirtoyksikko on vastaanotettu oikein, siirtoyksikko 
viedaan edelleen vastaanottimen muihin osiin. Mikali virheentarkistus osoittaa 
etta siirtoyksikko on virheellinen, taytyy lahettimelta pyytaa siirtoyksikon uudel- 
leenlahetys. Tama voidaan toteuttaa esimerkiksi siten etta ilmoitetaan uudel- 
leenlahetystarpeesta vastaanottimen ohjausyksikolle 326, joka ohjaa vastaan- 

35 ottimen eri osien toimintaa ja joka valittaa tiedon lahettimelle uudelleenlahetys- 
tarpeesta vastakkaisen siirtosuunnan ohjauskanavaa kayttaen. Yhdistelija 320 
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ja muisti 322 voivat olla myos ennen toista siirtonopeuden sovitinta 318, mutta 
kuitenkin demultiplekserin jalkeen. Muisti 322 voi olla myos kanavadekooderin 
324 jalkeen, jolloin saavutetaan se etu, etta tallennetaan vain ne siirtoyksikot 
jotka tarvitsevat uudelleenlahetysta. Toisaalta talloin ei pehmeaa yhdistelya 
5 voida kayttaa. 

Viivekriittinen informaatio 316 viedaan demultiplekserilta 312 kol- 
mannelle siirtonopeuden sovittimelle 328, ja sielta edelleen toiselle kanavade- 
kooderille 330. Huomattakoon tassS etta siirtonopeuksien sovittimien lukumaa- 
ra seka lahettimessa etta vastaanottimessa voi olla edella esitetysta poikkea- 
10 va. 

Taten keksinnon mukaisessa lahettimessa ja vastaanottimessa da- 
tainformaatiolle ja viivekriittiselle informaatiolle sovelletaan erilaista virheenkor- 
jausproseduuria. Viivekriittiselle informaatiolle voidaan tarvittaessa kayttaa 
vahvempaa kanavakoodausta, jolloin se on vahemman altista virheille kuin da- 
15 tainformaatio. 

Tarkastellaan seuraavaksi tarkemmin datainformaation kasittelya 
keksinnon mukaisessa vastaanottimessa kuviossa 4a esitetyn vuokaavion 
avulla. 

Askel 400: Vastaanotin vastaanottaa ja demoduloi siirtoyksikon. 
20 Askel 408: Tarkistetaan onko kyseessa uudelleen lahetys, eli loy- 

tyyko edellista lahetettya siirtoyksikkoa muistista. Jos loytyy yhdistetaan siirto- 
yksikot askeleessa 410. 

Askel 412: Tarkistetaan siirtoyksikon laatu. Jos siirtoyksikon laatu 
vastaa ennalta maarattya laatutasoa, niin poistutaan algoritmista ja siirrytaan 
25 vastaanottamaan seuraava siirtoyksikko. 

Askel 414: Jos laatu ei ollut hyva, niin talletetaan siirtoyksikko. Jos 
laatu on erittain huono, niin yksikko voidaan hylata kokonaan. 

Askel 418: Lahetetaan siirtoyksikoiden laadun perusteella muodos- 
tettu uudelleenlahetyspyynto. Nyt lahettajaa pyydetaan lahettamaan uudes- 
30 taan sama siirtoyksikko, jonka laatutaso ei tayttanyt vaadittua laatutasoa. Siir- 
rytaan vaiheeseen 400 vastaanottamaan siirtoyksikko. 

Kuviossa 4b havainnollistetaan optionaalista datainformaation kasit- 
telya. Tassa askeleen 400 jalkeen tarkistetaan heti siirtoyksikon laatu aske- 
leessa 402. Jos laatu on hyva, mennaan askeleeseen 408 ja jatketaan kuten 
35 ylla on kuvattu. Muutoin talletetaan siirtoyksikko vaiheessa 404. Jos laatu on 
erittain huono, niin yksikko voidaan hylata kokonaan. Askeleessa 406 lahete- 
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taan siirtoyksikdiden laadun perusteella muodostettu uudelleenlahetyspyynto. 
Nyt lahettajaa pyydetaan lahettamaan uudestaan sama siirtoyksikko, jonka 
laatutaso ei tayttanyt vaadittua laatutasoa. Siirrytaan vaiheeseen 400 vastaan- 
ottamaan siirtoyksikko. 
5 Kuvattu menetelma on periaatteessa klassisen ARQ-protokollan te- 

hostus silla, etta samaa siirtoyksikkoa kumuloidaan ennen ilmaisua niin kauan, 
etta kumuloidun siirtoyksikon laatu on riittavan hyva. Todettakoon tassa etta 
kyseessa on vain eras esimerkki datan virheenkorjauksesta. Keksinnon mukai- 
sessa ratkaisussa voidaan toki soveltaa muitakin ARQ - pohjaisia ratkaisuja, 

10 kuten alan ammattimiehelle on selvaa. 

Siirtoyksikon ja paketin laadun tarkistamiseen on useita eri menetel- 
mia. Sek§ siirtoyksikolle etta paketille voidaan kummallekin erikseen muodos- 
taa lahetyksessa CRC-virheentarkistussumma, jonka perusteella siirtoyksikon 
ja/tai paketin virheellisyys tarkistetaan vastaanotossa. Myos muita tapoja muo- 

15 dostaa virheentarkistussumma voidaan kayttaa. Laatu voidaan myos maaritel- 
la muodostamalla siirtoyksikon bittivirhesuhde (Bit Error Rate). Vastaanotetun 
siirtoyksikon laatu voidaan maaritella myos muodostamalla siirtoyksikon C/l- 
suhde (Carrier/Interference) opetussekvenssin avulla. Tassa esitettiin muuta- 
ma esimerkki siirtoyksikon tai paketin laadun maarittamisesta, kuitenkin mita 

20 tahansa muutakin tunnettua menetelmaa voidaan kayttaa laadun mittaami- 
seen. 

Eraassa edullisessa toteutusmuodossa yhdistetyn siirtoyksikon laa- 
tutaso paatetaan vertaamalla siirtoyksikdiden keskimaaraista laatutasoa adap- 
tiiviseen laatu kynnykseen. Keskimaarainen laatutaso muodostetaan esimerkik- 

25 si keskiarvon laskennalla tai maarittelemalla jokin lukumaaraineh raja side, 
kuinka monen paketin siirtoyksikoista tulee tayttaa vaadittu laatutaso. Adaptii- 
visuus tarkoittaa sita, etta jarjestelma voi olla itseoppiva, jolloin jarjestelma op- 
timoi toimintaansa muuttamalla laaturajoja olosuhteita vastaavaksi ja maksi- 
moidakseen siirtokapasiteetin tehokkaan kayton. 

30 Vaikka keksintoa on edella selostettu viitaten oheisten piirustusten 

mukaiseen esimerkkiin, on selvaa, ettei keksinto ole rajoittunut siihen, vaan si- 
ta voidaan muunnella monin tavoin oheisten patenttivaatimusten esittaman 
keksinnollisen ajatuksen puitteissa. 
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Patenttivaatimukset 

1. Menetelma pakettikytkentaisen datan siirtoon radiojarjestelmassa 
lahettimen ja vastaanottimen valilla, jossa menetelmassa lahettimen ja vas- 
taanottimen valinen yhteys kasittaa ainakin kaksi loogista kanavaa, ja etta yhta 
5 loogista kanavaa kaytetaan viivekriittisen informaation siirtoon, ja etta lahetti- 
men ja vastaanottimen valilla siirrettava informaatio sijoitetaan annettuihin siir- 
toyksikoihin ja etta siirtoyksikoiden siirrossa kaytetaan virheensuojausmenetel- 
maa, t u n n e 1 1 u siita, etta datan ja viivekriittisen informaation siirrossa kay- 
tetaan erilaista virheensuojausmenetelmaa. 

10 2. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 

etta signaalin lahetyksessa dataa kasittava siirtoyksikko kanavakoodataan, tal- 
letetaan muistiin, jonka jalkeen suoritetaan ensimmainen siirtonopeuden sovi- 
tus, jonka jalkeen dataa kasittavat siirtoyksikot multipleksataan viivekriittista in- 
formaatiota kasittavien siirtoyksikoiden kanssa, ja joille multipleksatuille siirto- 

15 yksikoille suoritetaan toinen siirtonopeuden sovitus, ja lomittelu. 

3. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 
etta signaalin lahetyksessa viivekriittista informaatiota kasittava siirtoyksikko 
kanavakoodataan, jonka jalkeen suoritetaan ensimmainen siirtonopeuden so- 
vitus, jonka jalkeen viivekriittista informaatiota kasittavat siirtoyksikot multiplek- 

20 sataan dataa kasittavien siirtoyksikoiden kanssa, ja joille multipleksatuille siir- 
toyksikoille suoritetaan toinen siirtonopeuden sovitus, ja lomittelu. 

4. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 
etta signaalin vastaanotossa vastaanotetuille siirtoyksikoille suoritetaan lomi- 
tuksen purku ja ensimmainen siirtonopeuden sovitus, jonka jalkeen viivekriittis- 

25 ta informaatiota kasittavat siirtoyksikot ja dataa kasittavat siirtoyksikot demulti- 
pleksataan erilleen. 

5. Patenttivaatimuksen 4 mukainen menetelma, tunnettu siita, 
etta muilla kuin viivekriittista informaatiota siirtavilla kanavilla vastaanotin mit- 
taa vastaanotetun siirtoyksikon laadun ja pyytaa laatumittauksen perusteella 

30 siirtoyksikon ainakin yhden uudelleenlahetyksen kunnes alunperin lahetetyn 
siirtoyksikon ja yhdesta tai useamman uudelleenlahetetyn siirtoyksikon muo- 
dostamasta yhdistetysta siirtoyksikosta suoritettu laatumittaus osoittaa ettei 
uudelleenlahetysta tarvita, jonka jalkeen siirtoyksikko ilmaistaan. 

6. Patenttivaatimuksen 4 mukainen menetelma, tunnettu siita, 
35 etta muilla kuin viivekriittista informaatiota siirtavilla kanavilla signaalin vas- 
taanotossa 
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tarkistetaan kunkin vastaanotetun siirtoyksikon laatu toisistaan riip- 
pumattomasti (202); 

tallennetaan vastaanotetut siirtoyksikot (204); 

lahetetaan siirtoyksikoiden laadun perusteella muodostettu uudel- 
5 leenlahetyspyynto (206); 

muodostetaan yhdistetyt siirtoyksikot (208); 
tarkistetaan kunkin yhdistetyn siirtoyksikon laatu (210); 
toistetaan edellisia askelia, kunnes yhdistettyjen siirtoyksikoiden 
laatu vastaa ennalta maarattya laatutasoa (212); 
10 ilmaistaan signaali (214). 

7. Patenttivaatimuksen 4 tai 5 mukainen menetelma, tunnettu 
siita, etta siirtoyksikolle muodostetaan lahetyksessa virheentarkistussumma, 
jonka perusteella yksikon laatu vastaanotossa tarkistetaan. 

8. Patenttivaatimuksen 4 tai 5 mukainen menetelma, tunnettu 
15 siita, etta vastaanotetun siirtoyksikon laatu maaritellaan muodostamalla siirto- 
yksikon opetussekvenssin bittivirhesuhde 

9. Patenttivaatimuksen 4 tai 5 mukainen menetelma, tunnettu 
siita, etta yhdistetyn siirtoyksikon laatutaso paatetaan vertaamalla siirtoyksikoi- 
den keskimaaraista laatutasoa adaptiiviseen laatukynnykseen. 

20 10. Jonkin edellisen patenttivaatimuksen mukainen menetelma, 

tunnettu siita, etta viivekriittinen informaatio on ohjausinformaatiota. 

11. Jonkin edellisen patenttivaatimuksen mukainen menetelma, 
tunnettu siita, etta viivekriittinen informaatio on puheinformaatiota. 

12. Jonkin edellisen patenttivaatimuksen mukainen menetelma, 
25 tunnettu siita, etta viivekriittinen informaatio on piirikytkentaista informaa- 

tiota. 

13. Radiojarjestelma, joka kasittaa lahettimen (112, 114) ja vastaan- 
ottimen (116), jotka on sovitettu pakettikytkentaisen datan siirtoon, ja jossa la- 
hettimen ja vastaanottimen valinen yhteys (122, 124) kasittaa ainakin kaksi 

30 loogista kanavaa, ja jossa lahetin ja vastaanotin on sovitettu kayttamaan yhta 
loogista kanavaa viivekriittisen informaation siirtoon, ja etta lahetin ja vastaan- 
otin on sovitettu siirtamaan informaatio annettuihin siirtoyksikoihin sijoitettuina 
ja kayttamaan siirtoyksikoiden siirrossa virheensuojausmenetelmaa, tun- 
nettu siita, etta lahetin ja vastaanotin on sovitettu kayttamaan datan ja viive- 

35 kriittisen informaation siirrossa erilaista virheensuojausmenetelmaa. 
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14. Patenttivaatimuksen 13 mukainen jarjestelma, t u n n e tt u sii- 
ta> etta jarjestelman lahetin kasittaa kanavakooderin 204, joka on sovitettu 
koodaamaan dataa kasittava siirtoyksikko, muistin 206, joka on sovitettu tal- 
lentamaan siirtoyksikko muistiin, ensimmaisen siirtonopeuden sovittimen 208, 

5 ja multiplekserin 210, joka on sovitettu multipleksaamaan dataa kasittavat siir- 
toyksikot viivekriittista informaatiota kasittavien siirtoyksikoiden kanssa, ja mul- 
tiplekserin ulostuloon toiminnallisesti kytketyn toisen siirtonopeuden sovittimen 
216, ja sovittimen ulostuloon toiminnallisesti kytketyn lomittelijan 218. 

15. Patenttivaatimuksen 13 mukainen jarjestelma, tunnettu sii- 
10 ta, etta jarjestelman lahetin kasittaa kanavakooderin 212, joka on sovitettu 

koodaamaan viivekriittista informaatiota kasittava siirtoyksikko, siirtonopeuden 
sovittimen 214, ja multiplekserin 210, joka on sovitettu multipleksaamaan da- 
taa kasittavat siirtoyksikot viivekriittista informaatiota kasittavien siirtoyksikoi- 
den kanssa ja multiplekserin ulostuloon toiminnallisesti kytketyn toisen siirto- 
15 nopeuden sovittimen 216, ja sovittimen ulostuloon toiminnallisesti kytketyn lo- 
mittelijan 218. 

16. Patenttivaatimuksen 13 mukainen jarjestelma, tunnettu sii- 
ta, etta jarjestelman vastaanotin kasittaa lomituksen purkajan 308, ja demulti- 
plekserin 312 joka on sovitettu demultipleksaamaan viivekriittista informaatiota 

20 kasittavat siirtoyksikot ja dataa kasittavat siirtoyksikot erilleen. 

17. Patenttivaatimuksen 16 mukainen jarjestelma, tunnettu sii- 
ta, etta jarjestelman vastaanotin kasittaa dekooderin 324, joka on sovitettu mit- 
taamaan muilla kuin viivekriittista informaatiota siirtavilla kanavilla vastaanote- 
tun siirtoyksikon laadun, ja ohjausyksikon 326, joka on sovitettu pyytamaan 

25 laatumittauksen perusteella siirtoyksikon ainakin yhden uudelleerilahetyksen 
laatumittauksen perusteella, muistin 322, joka on sovitettu tallentamaan muilla 
kuin viivekriittista informaatiota siirtavilla kanavilla vastaanotettu siirtoyksikko, 
ja yhdistimen 320, joka on sovitettu yhdistamaan vastaanotettu siirtoyksikko 
uudelleenlahetetyn siirtoyksikon kanssa. 



30 
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(57) Tiivistelma 

Keksinnon kohteena on menetelma pakettikytkentaisen 
datan siirtoon seka radiojarjestelma, joka kasittaa lahetti- 
men (112, 114) ja vastaanottimen (116), jotka on sovitettu 
pakettikytkentaisen datan siirtoon, ja jossa lahettimen ja 
vastaanottimen valinen yhteys (122, 124) kasittaa ainakin 
kaksi loogista kanavaa, ja jossa lahetin ja vastaanotin on 
sovitettu kayttamaan yhta loogista kanavaa viivekriittisen 
informaation siirtoon, ja etta lahetin ja vastaanotin on sovi- 
tettu siirtamaan informaatio annettuihin siirtoyksikoihin si- 
joitettuina ja kayttamaan siirtoyksikoiden siirrossa virheen- 
suojausmenetelmaa. Keksinnon mukaisessa ratkaisussa 
lahetin (112,114) ja vastaanotin (116) on sovitettu kaytta- 
maan datan ja viivekriittisen informaation siirrossa erilaista 
virheensuojausmenetelmaa. Keksinnon avulla voidaan 
korkeaa ja nopeaa siirronlaatua vaativia palveluja kuten 
puhetta ja pakettidataa lahettaa samanaikaisesti multi- 
pleksattuina. 
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transmitter and the receiver are arranged to transmit the information as located 
in given transmission units and to employ the method of error protection in 
the transmission of the transmission units. In the solution of the invention the 
transmitter (112, 114) and the receiver (116) are arranged to employ a different 
method of error protection when transmitting data an delay-critical information. 
By means of the invention, services requiring fast transmission of high quality, 
such as speech and packet data, can be transmitted simultaneously as multiplexed. 
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Packet-switched data transmission in radio system 

FIELD OF THE INVENTION 

The invention relates to a radio system and a method of transmit- 
ting packet-switched data between a transmitter and a receiver in the radio 
5 system. The invention relates particularly to a system and a method, in which 
the connection between the transmitter and the receiver comprises at least 
two logical channels, and one logical channel is used for transmitting delay- 
critical information. 

BACKGROUND OF THE INVENTION 

10 Circuit switching is a method in which a connection is established 

between users by providing the connection with a predetermined amount of 
transmission capacity. The transmission capacity is used exclusively by said 
connection during the whole connection. Known mobile communication sys- 
tems, e.g. GSM-based GSM 900/DCS 1800/PCS 1900 systems and the 

15 American IS-95 radio system applying the CDMA technique, are circuit- 
switched systems. 

Packet switching for its part is a method in which a connection is 
established between users by transmitting data as packets which include the 
actual information and also address and control information. Various connec- 

20 tions may simultaneously use the same transmission link. In the past few 
years, the use of packet-switched radio systems especially in data transmis- 
sion has been examined, because the method of packet switching can be ap- 
plied to e.g. data transmission required when using interactive computer pro- 
grams, whereby the data to be transmitted is produced in bursts. In such a 

25 case, the data transmission connection need not be allocated for the whole 
time, but only for the packet transmission. This way, the costs and capacity 
are saved considerably both when establishing and operating the network. 

A further development of radio systems is especially interested in 
packet radio networks. In connection with the GSM system, the GPRS 

30 (General Packet Radio Service) is often referred to. Solutions allowing the 
packet transmission are especially being planned for the third generation mo- 
bile phone systems, such as the UMTS (Universal Mobile Telephone System). 

In telecommunication, methods of error correction are generally ap- 
plied, also on packet connections, to avoid and correct errors developing on 

35 transmission connections. There are basically two types of these methods: 
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Forward Error Correction (FEC) and Automatic Repeat Request (ARQ). The 
combination of these is called a hybrid ARQ. The GPRS employs the following 
ARQ protocol, either in its basic form or a more advanced form. 

The ARQ protocol (Automatic Repeat Request) refers to a procedu- 
5 re which improves the reliability of the data to be transmitted by retransmitting 
the information to be transmitted. In accordance with the protocol, the receiver 
transmits a request to the sender to retransmit the transmitted data, if the 
rece j ver considers the received data unreliable. The unreliability of the data is 
detected by checking a check sum from the received packet, for example. So 

10 far, the protocol has mainly been used in fixed networks. A big problem of ra- 
dio networks is that the transmitting channels in radio connections have a 
fading character. Rayleigh fading means that multipath-propagated signal 
components arrive in opposite phases at a receiver and thus partly cancel 
each other. Then the power and also the quality of the received signal de- 

15 crease considerably. In addition to normal background noise the reception is 
further complicated by the interference of the radio connections on the same 
channel and on the adjacent channel. Interference and Rayleigh fading may at 
times have so harmful effects that the radio channel fades, i.e. its quality dete- 
riorates so much that the data transmitted in the channel cannot be recog- 

20 nised. On the other hand, occasionally fading channel may at times also be of 
very good quality. 

A more advanced form of the ARQ protocol is the hybrid ARQ, 
which uses the combination of the ARQ and the FEC (Forward Error Correc- 
tion). The FEC means that the information to be transmitted is coded by a 

25 coding correcting errors. In accordance with the improved type II hybrid ARQ 
protocol developed from the hybrid ARQ, an unsuccessful transmission is 
combined with a retransmission in the receiver. This combination can be per- 
formed by retransmitting the data coded in the same way and combining the 
soft decisions in the receiver. In the retransmission, additional coding can be 

30 used instead of transmitting the same data. 

This method provides the advantage that the number of retransmis- 
sions can be decreased, whereby the transmission capacity increases consid- 
erably. A disadvantage of the method is, however, that it works best when 
there are a lot of transmission errors, i.e. when the frame error rate (FER) is 

35 about 20 %. Then the acknowledgement messages (ACK/NACK) of the 
transmission units are, however, also subject to errors, which makes the sys- 
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tern less functional. For example, if the transmission error equals 10 % in each 
transmission, there are 10 % of errors after the first transmission, 1 % after the 
second, 0.1 % after the third transmission etc. The combining of the transmis- 
sions reduces the amount of errors, but only after the second transmission. In 
5 order to benefit from the combining, the operation point, i.e. the frame error 
rate of each transmission, should be higher, e.g. 20 %. This harms, however, 
the delay-critical information, which cannot withstand the delay caused by the 
combining. 

BRIEF DESCRIPTION OF THE INVENTION 

10 It is thus an object of the invention to provide a method and an ap- 

paratus implementing the method to eliminate the above problems. This is 
achieved by a method of transmitting packet-switched data between a trans- 
mitter and a receiver in a radio system, in which method the connection be- 
tween the transmitter and the receiver comprises at least two logical channels, 

15 and that one logical channel is used for transmitting delay-critical information, 
and that the information to be transmitted between the transmitter and the re- 
ceiver is located in given transmission units and that a method of error protec- 
tion is employed in the transmission of the transmission units. In accordance 
with the method, a different method of error protection is employed when 

20 transmitting data and delay-critical information. 

The invention also relates to a radio system comprising a transmit- 
ter and a receiver arranged to transmit packet-switched data, and in which the 
connection between the transmitter and the receiver comprises at least two 
logical channels, and in which the transmitter and the receiver are arranged to 

25 use one logical channel for transmitting delay-critical information, and that the 
transmitter and the receiver are arranged to transmit the information as lo- 
cated in given transmission units and to employ the method of error protection 
in the transmission of the transmission units. In the system of the invention the 
transmitter and the receiver are arranged to employ a different method of error 

30 protection when transmitting data and delay-critical information. 

The preferred embodiments of the invention are disclosed in the 
dependent claims. 

The invention is based on employing the hybrid ARQ method utilis- 
ing the combining in such a manner that the data and the delay-critical infor- 

35 mation are separately multiplexed. 
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The method and system of the invention provide a plurality of ad- 
vantages. By means of the method, data can have any frame error rate and 
delay-critical information, e.g. the acknowledgement messages (ACK/MACK) 
of the transmission units, can still have a good quality in the transmission due 
5 to e.g. a strong error correcting code. As a method of error correction of data, 
an ARQ-based method can be employed which combines the transmission 
unit and its potential retransmissions before decoding the transmission unit. By 
means of the invention, services requiring a fast transmission of high quality, 
such as speech and packet data, can be transmitted simultaneously as multi- 
10 plexed. 

BRIEF DESCRIPTION OF THE INVENTION 

In the following the invention will be described in greater detail in 
connection with the preferred embodiments, with reference to the attached 
drawings, in which 

15 Figure 1 shows an example of a radio system, to which the inven- 

tion can be applied, 

Figure 2 illustrates the structure of the transmitter according to the 

invention, 

Figure 3 illustrates the structure of the receiver according to the in- 
20 vention and 

Figures 4a and 4b show flow charts illustrating the employment of 
the method of the invention for data information. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention can be applied to radio systems using 

25 packet-switched connections. The invention can preferably be applied to 
broadband CDMA-based cellular radio systems, such as WCDMA and 
CDMA2000, but the multiple access method employed in the system is not as 
such substantially relevant to the invention. 

The term 'transmission unit' refers to a transmission unit used in a 

30 bidirectional radio connection, which transmission unit is the protocol data unit 
of layer 1, i.e. the physical layer, in the seven-layer OSI model of the ISO. In 
the TDMA system, for example, a transmission unit may comprise one or more 
TDMA time slots. In the CDMA system, a transmission unit may be a limited 
period of time with one or more spreading codes. In the FDMA system, a 

35 transmission unit may be a limited period of time with one or more frequencies. 
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In hybrid systems employing a variety of multiple access methods, a transmis- 
sion unit may be any combination of the examples described above. Generally 
it can be stated that a transmission unit is any resource on the transmission 
path, i.e. in the radio connection, that can be determined. 
5 The method of the invention is used for transmitting packet- 

switched data between a transmitter-receiver pair in a radio system by using 
the ARQ protocol. Figure 1 shows an example of a radio system, to which the 
invention can be applied. The radio system comprises a network part 110 and 
a set of subscriber terminals 112, 114. The network part refers to the fixed part 

10 of the network, e.g. a base station 116, a base station controller 118, a mobile 
services switching centre 120 or various combinations of said parts. A sub- 
scriber terminal is e.g. a mobile phone, a phone positioned in a car or a WLL 
terminal (Wireless Local Loop). A transmitter-receiver pair is composed of a 
network part and a subscriber terminal. The network part can function both as 

15 a transmitter and as a receiver, similarly the subscriber terminal can be in both 
roles. There is a bidirectional radio connection 122, 124 between the network 
part and the subscriber terminal. In the bidirectional radio connection, trans- 
mission units are used for data transmission. 

Let us first take a look on those parts in the structure of the trans- 

20 mitter of the invention that are substantial for the invention by means of the 
block diagram in Figure 2. Figure 2 includes only the blocks that are substan- 
tial for describing the invention, but it is obvious for a person skilled in the art 
that a common transmitter also comprises other functions and structures, 
which need not be described herein in greater detail. The transmitter can basi- 

25 cally be e.g. a normal transmitter in the GPRS system, to which transmitter the 
modifications required by the invention are made. 

In Figure 2, the transmitter uses two services, i.e. logical channels. 
In the first channel 200 data is transmitted and in the second channel 202 de- 
lay-critical information is transmitted. Delay-critical information can be any data 

30 transmission which does not allow great delays, e.g. retransmissions, on the 
transmission path. Such connections are e.g. power regulating messages, 
transmission rate information relating to a data channel, acknowledgement 
messages (ACK/NACK) of packets or e.g. speech information. Data informa- 
tion 200 comprising transmission units is first taken to the first channel coder 

35 204, after which the transmission unit is stored in a memory 206 for a potential 
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retransmission. Thereafter, data is taken to the first transmission rate adapter 
208, in which the data transmission rate is balanced as desired. 

Delay-critical information 202 is taken to the second channel coder 
212, from which the coded signal is taken to the second transmission rate 
5 adapter 214, in which the transmission rate is balanced. 

The transmission units are taken from the first and the second 
transmission rate adapters 208, 214 to a multiplexer 210, in which the units 
are multiplexed with each other for the transmission. The combined signal is 
taken from the multiplexer to the third transmission rate adapter 216, in which 

10 the common transmission rate is changed, if necessary. Finally the signal to 
be transmitted is taken to an interleaver 218, in which the interleaving is per- 
formed to improve the transmission quality. The signal is taken from the inter- 
leaver further to radio frequency parts of the transmitter (not shown) in order to 
be transmitted to the transmission channel. 

15 The memory 206 can also be located before the first channel coder 

204 or also after the first transmission rate adapter 208, but in any case before 
the multiplexer. 

Let us next take a look on those parts in the structure of the re- 
ceiver of the invention that are substantial for the invention by means of the 

20 block diagram in Figure 3. Figure 3 includes only the blocks that are substan- 
tial for describing the invention, but it is obvious for a person skilled in the art 
that a common receiver also comprises other functions and structures, which 
need not be described herein in greater detail. The receiver can basically be 
e.g. a normal receiver in the GPRS system, to which receiver the modifications 

25 required by the invention are made. 

In the receiver a signal is received by an antenna 300, from which 
the signal is taken to radio frequency parts 302. In the radio frequency parts, 
the signal is converted to an intermediate or baseband frequency, and it is 
taken to a demodulator 306, in which the demodulated signal is taken to a 

30 deinterleaver 308. Said components can be implemented in ways that are ob- 
vious to a person skilled in the art. 

The deinterleaved signal is taken to the first transmission rate 
adapter 310 and a demultiplexer 312. In the demultiplexer the signal is divided 
into two channels used in the transmission, in the first of which channels 314 

35 data was transmitted and in the second of which channels 316 delay-critical 
information, such as control information or speech, was transmitted. 
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Data information is taken to the second transmission rate adapter 
318, from which it is taken to a combiner 320. In the combiner, a transmission 
unit that may have been transmitted earlier and which is stored in a memory 
322 in the reception is combined with the transmission unit. The combined 
5 transmission unit is again stored in the memory for a potential retransmission. 
The transmission unit is taken to the first channel decoder 324, in which errors 
are corrected as well. If the error correction indicates that the transmission unit 
is received properly, the transmission unit is taken further to the other parts of 
the receiver. If the error correction indicates that the transmission unit is erro- 

10 neous, a retransmission has to be requested of the transmitter. This can be 
implemented e.g. by informing a control unit 326 of the receiver of the need for 
a retransmission, which control unit controls the operation of different receiver 
parts and conveys the information on the need for a retransmission to the 
transmitter by using the control channel of the opposite direction of transmis- 

15 sion. The combiner 320 and the memory 322 can also be located before the 
second transmission rate adapter 318, but in any case after the demultiplexer. 
The memory 322 can also be located after the channel decoder 324, which 
provides the advantage that only those transmission units are stored that need 
to be retransmitted. On the other hand, soft combining cannot then be used. 

20 The delay-critical information 316 is taken from the demultiplexer 

312 to the third transmission rate adapter 328 and from there further to the 
second channel decoder 330. It is to be noted herein that the number of 
transmission rate adapters both in the transmitter and in the receiver can differ 
from what is described above. 

25 Thus, in the transmitter and receiver of the invention a different er- 

ror correction procedure is applied to data information and to delay-critical in- 
formation. If required, a stronger channel coding can be used for delay-critical 
information, whereby it is less subject to errors than data information. 

Let us next take a closer look on handling data information in the 

30 receiver of the invention by means of the flow chart in Figure 4a. 

Step 400: A receiver receives and demodulates a transmission unit. 
Step 408: It is checked whether it deals with a retransmission, i.e. 
whether the previously transmitted transmission unit is found in the memory. If 
it is found, the transmission units are combined at step 410. 
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Step 412: The quality of the transmission unit is checked. If the 
quality of the transmission unit reaches a predetermined quality level, the algo- 
rithm is exited and it is moved to receive the next transmission unit. 

Step 414: If the quality was not good, the transmission unit is 
5 stored. If the quality is very bad, the unit can be completely abandoned. 

Step 418: A retransmission request formed on the basis of the 
quality of the transmission units is transmitted. The sender is now requested to 
retransmit the same transmission unit whose quality level did not reach the 
required quality level. It is moved to step 400 to receive the transmission unit. 

10 Figure 4b illustrates the optional handling of data information. After 

step 400, the quality of the transmission unit is immediately checked at step 
402. If the quality is good, it is proceeded to step 408 and continued as de- 
scribed above. Otherwise the transmission unit is stored at step 404. If the 
quality is very poor, the unit may be completely abandoned. At step 406, a 

1 5 retransmission request formed on the basis of the quality of the transmission 
units is transmitted. Now the sender is requested to retransmit the same 
transmission unit whose quality level did not reach the required quality level. It 
is moved to step 400 to receive the transmission unit. 

The described method is basically a more advanced form of the 

20 classic ARQ protocol in such a manner that the same transmission unit is cu- 
mulated before the detection so long that the quality of the cumulated trans- 
mission unit is good enough. It is to be noted herein that this is only one ex- 
ample of data error correction. In the solution of the invention, other ARQ- 
based solutions can be applied as well, as it is obvious for a person skilled in 

25 the art. 

There are various methods of inspecting the quality of a transmis- 
sion unit and a packet. In the transmission, a CRC error check sum can be 
formed for both the transmission unit and the packet separately, on the basis 
of which sum the erroneousness of the transmission unit and/or the packet is 

30 checked in the reception. Other methods of forming the error check sum can 
be employed as well. Quality may also be defined by forming a bit error rate 
for the transmission unit. The quality of the received transmission unit can also 
be defined by forming a C/l ratio (Carrier/Interference) for the transmission unit 
by means of a training sequence. A few examples were herein given of defin- 

35 ing the quality of a transmission unit or a packet, yet any other known method 
can be used for measuring quality as well. 
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In a preferred embodiment, the quality level of a combined trans- 
mission unit is determined by comparing the average quality level of transmis- 
sion units with the adaptive quality threshold. The average quality fevel is 
formed e.g. by counting the mean value or by defining a numerical limit for the 
5 amount of packets of the transmission units that has to reach the required 
quality level. The adaptiveness means that the system may be self-learning, 
whereby the system optimizes its operation by changing quality limits to con- 
form to the conditions and to maximize the efficient use of the transmission 
capacity. 

10 Although the invention has been described above with reference to 

the example according to the attached drawings, it is obvious that the inven- 
tion is not restricted thereto, but may be modified in a variety of ways within 
the scope of the inventive idea disclosed in the attached claims. 
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CLAIMS 

1 . A method of transmitting packet-switched data between a trans- 
mitter and a receiver in a radio system, in which method the connection be- 
tween the transmitter and the receiver comprises at least two logical channels, 

5 and that one logical channel is used for transmitting delay-critical information, 
and that the information to be transmitted between the transmitter and the re- 
ceiver is located in given transmission units and that a method of error protec- 
tion is employed in the transmission of the transmission units, charac- 
terized by employing a different method of error protection when transmit- 
10 ting data and delay-critical information. 

2. A method as claimed in claim 1, characterized in that, in 
signal transmission, the transmission unit comprising data is channel-coded, 
the transmission unit is stored in memory, after which the first adaptation of 
the transmission rate is performed, after which the transmission units com- 

15 prising data are multiplexed with the transmission units comprising delay- 
critical information, and for which multiplexed transmission units the second 
adaptation of the transmission rate and interleaving are performed. 

3. A method as claimed in claim 1, characterized in that, in 
signal transmission, the transmission unit comprising delay-critical information 

20 is channel-coded, after which the first adaptation of the transmission rate is 
performed, after which the transmission units comprising delay-critical infor- 
mation are multiplexed with the transmission units comprising data, and for 
which multiplexed transmission units the second adaptation of the transmis- 
sion rate and interleaving are performed. 

25 4. A method as claimed in claim 1, characterized in that, in 

signal reception, a deinterleaving and the first adaptation of the transmission 
rate for the received transmission units are performed, after which the trans- 
mission units comprising delay-critical information and the transmission units 
comprising data are demultiplexed separately. 

30 5. A method as claimed in claim 4, c h a r a c t e r i z e d by the re- 

ceiver measuring the quality of the received transmission unit on the channels 
transmitting other than delay-critical information, and requesting at least one 
retransmission of the transmission unit on the basis of the quality measure- 
ment, until the quality measurement concerning the combined transmission 

35 unit composed of the originally transmitted transmission unit and one or more 
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retransmitted transmission units indicates that a retransmission is not needed, 
after which the transmission unit is detected. 

6. A method as claimed in claim 4, characterized by on the 
channels transmitting other than delay-critical information, in the reception of 

5 the signal 

checking the quality of each received transmission unit independ- 
ently of each other (202); 

storing the received transmission units (204); 

transmitting a retransmission request formed on the basis of the 
1 0 quality of the transmission units (206); 

forming the combined transmission units (208); 

checking the quality of each combined transmission unit (210); 

repeating the preceding steps, until the quality of the combined 
transmission units reaches a predetermined quality level (212); 
15 detecting a signal (214). 

7. A method as claimed in claim 4 or 5, characterized by 
forming an error check sum, on the basis of which the quality of the unit is 
checked in the reception. 

8. A method as claimed in claim 4 or 5, characterized by 
20 defining the quality of the received transmission unit by forming a bit error ratio 

of the training sequence of the transmission unit. 

9. A method as claimed in claim 4 or 5, characterized by 
determining the quality level of the combined transmission unit by comparing 
the average quality level of transmission units with the adaptive quality thresh- 

25 old. 

10. A method as claimed in any one of the preceding claims, 
characterized by delay-critical information being control information. 

11. A method as claimed in any one of the preceding claims, 
characterized by delay-critical information being speech information. 

30 12. A method as claimed in any one of the preceding claims, 

characterized by delay-critical information being circuit-switched in- 
formation. 

13. A radio system comprising a transmitter (112, 114) and a re- 
ceiver (116) arranged to transmit packet-switched data, and in which the con- 
35 nection (122, 124) between the transmitter and the receiver comprises at least 
two logical channels, and in which the transmitter and the receiver are ar- 
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ranged to use one logical channel for transmitting delay-critical information, 
and that the transmitter and the receiver are arranged to transmit the informa- 
tion as located in given transmission units and to employ the method of error 
protection in the transmission of the transmission units, characterized 
5 in that the transmitter and the receiver are arranged to employ a different 
method of error protection when transmitting data and delay-critical informa- 
tion. 

14. A system as claimed in claim 13, characterized in that 
the transmitter of the system comprises a channel coder 204 arranged to code 

10 a transmission unit comprising data, a memory 206 arranged to store the 
transmission unit in the memory, the first transmission rate adapter 208, and a 
multiplexer 210 arranged to multiplex the transmission units comprising data 
with the transmission units comprising delay-critical information, and the sec- 
ond transmission rate adapter 216 connected functionally to the output of the 

15 multiplexer, and an interleaver 218 connected functionally to the output of the 
adapter. 

15. A system as claimed in claim 13, characterized in that 
the transmitter of the system comprises a channel coder 212 arranged to code 
the transmission unit comprising delay-critical information, a transmission rate 

20 adapter 214, and the multiplexer 210 arranged to multiplex the transmission 
units comprising data with the transmission units comprising delay-critical in- 
formation, and the second transmission rate adapter 216 connected function- 
ally to the output of the multiplexer, and the interleaver 218 connected func- 
tionally to the output of the adapter. 

25 16. A system as claimed in claim 13, characterized in that 

the receiver of the system comprises a deinterleaver 308, and a demultiplexer 
312 arranged to demultiplex the transmission units comprising delay-critical 
information and the transmission units comprising data divergingly. 

1 7. A system as claimed in claim 16, characterized in that 

30 the receiver of the system comprises a decoder 324 arranged to measure the 
quality of the transmission unit received on the channels transmitting other 
than delay-critical information, and a control unit 326 arranged to request at 
least one retransmission of the transmission unit on the basis of the quality 
measurement, a memory 322 arranged to store the transmission unit received 

35 on the channels transmitting other than delay-critical information, and a com- 
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biner 320 arranged to combine the received transmission unit with the re- 
transmitted transmission unit. 
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